Abstract. The well-known so-called 'HRR-solution' (Hutchinson, 1968 and Rice and Rosengren, 1968) considers the elasto-plastic stress field in a power-law strain hardening material near a sharp crack. It provides a closed form explicit expression for the stress singularity as a function of the power-law exponent 'n' of the material, but the stress angular variation functions are not found in closed form. More recently, similar formulations have appeared in the literature for sharp V-notches under mode I and II loading conditions. In such cases not only is the angular variation of the stress fields obtained numerically, but so is the singularity exponent of the stress field. In the present paper, approximate but accurate closed form solutions are first reported for sharp V-notches with an included angle greater than π/6 radians. Such solutions, limited here to Mode I loading conditions, allow a very satisfactory estimate of the angular stress components in the neighbourhood of the notch tip, in the entire range of notch angles and for the most significant values of n (i.e. from 1 to 15). When the notch opening angle tends towards zero, and the notch approaches the crack case, the solution becomes much more complex and a precise evaluation of the parameters involved requires a best-fitting procedure which, however, can be carried out in an automatic way. This solution is also reported in the paper and its degree of accuracy is discussed in detail.
Introduction
At the end of the '60s, HRR and J-integral theories were developed to set the entire basis of the modern Non-Linear (or Elasto-Plastic) Fracture Mechanics (NLFM, EPFM). (Rice, 1968 , Hutchinson, 1968 , and Rice and Rosengren, 1968 . The starting point is the monotonic stressstrain constitutive law of many ductile solids undergoing uniaxial tension, i.e. the well known Ramberg-Osgood law
, where E is Young's modulus, n is the strain hardening exponent (n=1 for linear elastic material, n = ∞ for elastic-perfectly plastic), and A is a material constant, the 'monotonic strength coefficient'. Near a crack tip, the stresses become very great and the elastic term can be neglected, so that we write ε ε y = α σ σ y n , where ε y = σ y /E; then, when generalized to multiaxial stress state under the 'J 2 deformation' (or 'total strain') theory (in order to simplify the mathematical treatment with respect to the more correct 'incremental' or 'flow' theories of plasticity), these become
where σ e = 3 2 S ij S ij Figure 1 . Notch geometry and coordinate system. and S ij are the deviatoric stress components. It is clear that the use of J 2 theory is only correct in cases of proportional loading, where the material behaves in all respects as a nonlinear elastic material; for significant non-proportional loading, deviations occur and the incremental flow theories of plasticity should be used. Rice and Rosengren (1968) then showed that the strength of the near-tip field is represented by the J-integral (equivalently to the K stress intensity factors of LEFM), that the stresses, strains and displacements exhibit r −1/(n+1) , r −n/(n+1) , r 1/(n+1) , respectively, and the 'HRR' fields can be represented still (as in the linear case) in separate variables in polar coordinates r,θ (as immediate consequence of self-similarity), and in particular
where s=1/(n+1) is the singularity strength and c contains J-integral and a mild dependence on n (Hutchinson, 1968, Rice and Rosengren, 1968) . The 'universal functions',σ rr ,σ θθ ,σ rθ , depend on the state of stress (i.e. whether it is plane stress or plane strain) as well as n, but are not given in closed form.
Moving to the more general case of sharp V-notches, the problem becomes more demanding: not only are the angular 'universal functions' still not given in closed form, but even the singularity strength, s, requires a numerical solution as a function of n (Kuang and Xu, 1987 , Xia and Wang, 1993 , Yuan and Lin, 1994 , Lazzarin et al. 2001 . The formulation in fact leads to a system of differential equations that is generally solved with 'multi-shooting' techniques or, more recently, special FEM techniques (Zhang and Joseph, 1998, Chen and Ushijima, 2000) .
As far as the authors are aware, technical literature lacks stress field expressions with a well documented degree of accuracy. In the present paper, an approximate closed form solution is developed for sharp V-notches, under a simplifying assumption on the governing system of differential equations, which is reduced to a treatable form.
Analytical background
Starting from the formulation proposed by Yuan and Lin (1994) -who were able to extend to V-notches a stress function approach previously used for cracks by Ponte Castañeda (1985) and Sharma and Aravas (1991, 1993) -the problem can be stated directly in terms of local
